Abstract. In order to promote the change of aviation maintenance quality management from ex-post control to process control, an important tool of Statistical Process Control (SPC) theory -quality control chart is used to control the aircraft intact rate. The paper introduces the conception, structure and principle of control chart, and introduces in detail the application of X R  control chart in aircraft intact rate. The result proves that the method is scientific and effective, and can provide the optimization of aviation maintenance work.
Introduction
The intact rate is a reflection measurement technology for aircraft quality level, refers to the prescribed use and maintenance conditions, one aircraft in a certain time period, the plane frame with aircraft intact rate on frame. Aircraft intact rate is one of the important indexes to test the operational capability of the air force equipment. With the deepening of total quality management, the control of aircraft's intact status is also changed from ex-post control to process control. Process control can detect anomalies of change early and take necessary corrective measures to eliminate hidden dangers, which are conducive to the scientific maintenance of equipment, and to ensure the combat effectiveness of troops.
The Basic Theory of Control Chart The Concept of Control Chart
The control chart is a graph used to study how a process changes over time. Data are plotted in time order. A control chart always has a central line for the average, an upper line for the upper control limit and a lower line for the lower control limit. These lines are determined from historical data. By comparing current data to these lines, you can draw conclusions about whether the process variation is consistent (in control) or is unpredictable (out of control, affected by special causes of variation).
The control chart was invented by Walter A. Shewhart while working for Bell Labs in the 1920s. The control chart is one of the seven basic tools of quality control [1] . Typically control charts are used for time-series data, though they can be used for data that have logical comparability (i.e. you want to compare samples that were taken all at the same time, or the performance of different individuals), however the type of chart used to do this requires consideration [2] .
The Structure of Control Chart
The basic structure of the control chart is to draw three straight lines in the Cartesian coordinate system parallel to the horizontal axis, the middle of a solid line for the center line (indicating the sample mean), the upper and lower dashed lines are the upper and lower control limits. The horizontal axis represents the order in which the samples are extracted at regular intervals. The vertical axis represents the value of the statistic that expresses a quality characteristic calculated from the sample. In the control process, according to the scheduled time of sampling, the measured points in chronological order on the map, points and points with a solid line segment connected.
A completed control chart has the following parts: 1) an X-axis that shows the points at which the parameter readings were collected; 2) a Y-axis that shows the parameter reading for each data collection point on the X-axis; 3) a horizontal data average or process mean line; 4) horizontal line(s) for the control limit(s); 5) horizontal line(s) for the specification limit(s); 5) a horizontal target line lying exactly between the specification limit lines; and 6) the plotted data. The basic structure of the control chart is shown in Figure 1 . 
The Principle of Control Chart
The control limit in the control chart is a standard measure to judge whether there are abnormal factors in the working process state, which is calculated according to the principle of mathematical statistics. If the sample quality characteristic values are normally distributed (or, if they follow a binomial or Poisson distribution, but the sample size is large enough), then under normal circumstances the quality characteristics of each sample will be affected only by accidental causes, Part of the substandard quality requirements, the vast majority of sample quality characteristic values should appear within the control limits. Therefore, in the quality control, the more common method is to " 3 principle" to determine the control limit, and the center line as the controlled object quality characteristic value of the average. The control limits and centerline values are shown in equation (1).
For a normal distribution, a specific percentage of the total area under the normal curve can be expressed as a multiple of the standard deviation. For example, the area under the normal curve with 
Application and Analysis of Aircraft Intact Rate Control Chart Application Example
According to the data collection requirements of the control chart, select the fourth quarter of the aircraft intact rate data 90, in order of time, three data into a group, a total of 30 groups, as shown in Table 1 . Analysis of aircraft intactness in the fourth quarter using Xbar-R (  X R) control chart [3] . According to equation (2) to calculate the average of the total data, that is, the value of the centerline of the X control chart. 
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According to equation (3) to calculate the average of the sub-group range, that is, R control chart centerline value. 
According to the equation (4), equation (5) 
According to the equation (6), equation (7) to estimate the upper and lower R control chart control value. 4 2.574 1.98 5.10
According to the calculated statistics to draw X R  control chart of the aircraft intact rate in fourth quarter, as shown in Figure 3 . 
Result Analysis
According to Figure 3 , the data in the control chart are analyzed as follows:
The sample group (3, 4, 26, 27 ) is lower than the lower control limit, and the sample group (8, 10-17) is higher than the control upper limit. According to the principle of control chart, as long as the sample falls outside the control limits, the process that is abnormal. In practical application, should be a concrete analysis of specific circumstances. As the aircraft intact rate, it is clear that the higher the percentage the better, the sample group (8, 10~17) exceeded the control limit, indicating that these aircraft are very high intact rate, which is desirable.
From the whole control chart, sometime (sample group 1~17) showed an upward trend, but there was fluctuation in the sample group (3, 4) , corresponding to the sample size difference is relatively large. According to the analysis, the sample group corresponds to the beginning of October aircraft seasonal season, the season during the relatively low intact aircraft in line with the actual situation.
The percentage of aircraft intact rate is relatively high in the time period corresponding to the sample group (5~17), the fluctuation of the difference is small and relatively stable. On the one hand, this reflects the end of the aircraft season, the overall performance is high, on the other hand, reflects the aircraft intact rate control is good.
In the corresponding time period of the sample group (18, 19), training task is arduous, so there is obvious transition on the control chart, which is very large within the corresponding sample group.
In the corresponding time period of the sample group (20~25), the aircraft intact rate is also within the control limits, but most of the average level below, and the volatility is too large. Should be timely to find out the reasons for an appropriate increase in the frequency of maintenance, take measures to improve the aircraft intact rate.
In the time period corresponding to the sample group (26~30), the aircraft intact rate is lower than the lower control limit. Near the end of the year, cold weather, fewer missions, the end of more checks, relatively loose personnel management and other factors exist, making the intact rate has been at such a relatively low level.
Conclusions
Monitoring aircraft intact rate is a typical application of control charts in the aviation equipment quality control work. The use of control charts can not only evaluate the stability of the process, but also can predict the development trend of the process. An analysis of the controlled process will reveal problems that are less noticeable and can be remedied when these problems do not cause serious consequences, to avoid accidents. In addition, for the low efficiency and poor reliability of the control chart, Minitab can be used to draw the software. The software has the function of automatic judgment, which can greatly improve the drawing efficiency and improve the informatization level of the aviation equipment quality control service.
